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E-Systems continues
the tradition of
ttie world's great problem solvers.
Maxwell's electro-
magnetic field theory led to
huge practical scientific
advances. His light theory
led to his own development
of one of the first color
photos and the kinetic
theory of gasses.
Scientists and en-
gineers at E-Systems are
carrying on in the tradition of
Maxwell's genius. Today,
they are solving some of the
world's toughest problems
in electronically steered
phased array antennas,
electromagnetic scattering
and solar ray concentration,
using his findings as tools.
E-Systems is main-
taining a reputation for
designing and building
communications, data,
antenna, intelligence and
reconnaissance systems
that are often the first-of-a-
kind in the world.
For a reprint of the
Maxwell illustration and
information on career
opportunities with E-Sys-
tems in Texas, Florida,
Indiana, Utah or Virginia,
write: Lloyd K. Lauderdale,
V.P.— Research and Engi-
neering, E-Systems,
Corporate Headquarters,
P.O. Box 226030, Dallas,
Texas 75266.
E-SYSTEMS
The problem
solvers.
An equal opportunily employer Mf H, V
HOW SECUREWILLYOU FEEL
AT BUSINESS LUNCHES WITHOUT
THEAMERICAN EXPRESS CARD?
The American Express*Card can be as important to your
new job as a pinstripe suit. After all, it won't be long
before youre out at a business lunch or off on a business
trip. And at times like these, the Card is a must.
Besides, it's a terrific -^ay to start establishing
)our credit histon: .\nd it comes in hand\- for all
sorts of personal expeases. Best of all, its simple
lo get. A\\ \ou need is the promise of a $10,000
career-oriented job. So before you pick up your
pinstripe suit, pick up an application on campus.
.•\nd apph' for the .American Express Card. Tlien.
chances are, you won't get caught
viith \"(.)ur pants down.
The American Express Card. Dont
leave school without it.'
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Very Large Scale Integration Robert Ekhluw
RAM is almost a household word nowadays, but the design
process of dense chips is another story-
.
Speak and You Will Be Heard Maiy McDowell
The ultimate human-computer interface is here, and with it is
coming fascinating new methods of speaker recognition.
A Matter of Particles Kin Nakaf^awu
As physicists learn more and more about matter and its atomic
components, sophistication in equipment becomes mandatory.
Stranded Waves Erie Guarin
Fiber optics has proven its superior utility us a communication
link, both theoretically and in practice.
Vacancy to Fill Jim O'Hagan
After fifteen dedicated years as Dean of the College of
Engineering. Daniel Drucker has decided to return to research.
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Vi-^
FELLOWSHIPS
Since 1949. more than 4,500 men and women have
earned advanced degrees in engineering and science
with the help of Hughes fellowships The Hughes
commitment to furthering your education and your
career
fy/lore than 100 new fellowships will be available In
the coming year for graduate study in
Engineering (Electrical, Mechanical,
Systems, Aeronautical)
Computer Science
Applied Math
Physics
As a Hughes fellow, you could be studying for your
Master's, Engineer, or PhD degree while receiving;
Tuition, books, and fees
Educational stipend
Full employee benefits
Professional-level salary
Summer employment
Technical experience
Total Value: $18,000 to S40,000 a year.
You'll also have the opportunity to gam valuable
on-the-job experience at Hughes facilities in Southern
California and Arizona while you're completing your
degree
Work Study Fellows work part-time during the
academic year while studying at a nearby university Full
Study Fellows work in the summer and study full-time.
And since Hughes is involved with more than 90
technologies, a wide range of technical assignments is
available In fact, an Engineering Rotation Program is
available for those interested in diversifying their work
experience.
If you'd like assistance from a company committed
to advancing the frontiers of technology, fill out and mail
the coupon below Or write to:
Hughes Aircraft Company
Corporate Fellowship Office
Dept 104-14, BIdg C2/B168
P.O. Box 1042. El Segundo. CA 90245
Prool 01 U S Cili2enship Requ^ed
Equal Opportunily Employer
THE COMMITMENT
BEHIND THE PROGRAM
Hughes Aircraft Company, Corporate Fellowship Office, Dept. 104-14,
BIdg. C2/B168, P.O. Box 1042, El Segundo, CA 90245.
Please consider me a candidate for a Hughes Fellowship and send me the
necessary information and application materials.
PLEASE PRINT: Name
a n^u uurld u,lh elfiln
HUGHES
IRCRAFT COMPANY
City
I am interested in obtaining a
.
State
Master's
_
Zip
Engineer degree
DEGREES NOW HELD (OR EXPECTED)
Bachelor's Date
IVIasier's Date
School
School
WRITE YOURSELF IN
Tech Teasers Editorial
1. Into how many pieces can a pizza
be divided with only four straight cuts?
I 2. Carolyn has a gold chain consist-
ing of 25 links. Being fidgety, she begins
I
to twist apart the links at a rate of one per
liinute. How long will it take to separate
all the links?
3. How can 25 consecutive integers
be arranged into a five by five matrix
such that the sum of any row, column, or
diagonal is 0?
4. A right pyramid is cut from a
ceramic cube of side c. The base of the
pyramid is a side of the cube. How far
from this side of the cube must a plane be
passed parallel to the removed face so as
to divide the remaining volume of the
cube into two equal parts?
5. OK engineers, prove yourselves.
After a year of math games, how many of
these grammatical questions can you
solve?
a. Which eight letter word con-
tains only one vowel?
b. What word contains all 5
vowels in alphabetical order?
c. What word contains 3 sets of
double letters in a row?
d. What trait do the following
words share? Deft, calmness, laughing,
stupid, hijack, first, canopy.
Answers on page 20
What I did with
my summer vacation
Sounds like a stupid grade school or
high school assignment. What did yoii
used to do in the summer? Go on vaca-
tion, party, work, lay in the sun, get
bored, secretly wish that school would
start again? Looking back, what did you
actually accomplish over the summer?
Make a few dollars, experience a few
pleasant diversions, maybe take a class or
two.
Summer, when most of use are away
from school, is a time period that seems
to whizz right by. What do we usually
have to show for ourselves after summer
has passed: a tan. a beer gut. a lazy mind,
a disturbed social environment, and hopes
for the future.
Life after graduation can be similar
to those lazy summers unless we take ac-
tion to set goals for the future and strive
to meet or exceed them.
/ won' I have to go to classes any-
more. Maybe you won't. But the educa-
tion process should be continuous; it does
not stop at graduation. If you don't keep
up on new technology in your field, be
prepared to let younger ones take your
place. One of the best ways to keep
abreast of developments in a certain field
is to read its associated journal. Sounds
boring. If it is boring to you. then
perhaps you're in the wrong field or
you're into stagnation.
/'// live the easy- life with the money
I'll be making. Possibly. Just remember
that S25.000 goes a lot farther in Cham-
paign-Urbana than it will in the cities
where most engineering jobs are found.
Many engineers graduate and move to
Silicon Valley to take high-paying jobs.
But what good is a high-paying job if the
cost of living is similarly high? Also,
standards of living have a way of adjust-
ing to income levels and there will always
be "the next step up" to strive for.
I've got tny degree, bin I don't think
that it's what I really want. No problem.
Have you ever heard of an advanced de-
gree? Studying a different area of en-
gineering than that of your undergraduate
field can often open up new corridors of
opportunities. There is no reason that a
person with an engineering education can-
not find a rewarding niche—unless that
person has no drive.
The engineering degree can qualify
its holder to many exciting occupations:
but the holder must decide what is excit-
ing. Is it molecular physics or planetary
orbits? Weapons or health care? Cars or
Concordes? Construction or fission? Com-
puters or television?
The choice is yours. A little planning
and goal-setting will make the future a
welcome era. Don't let your life whizz by
like summer. Have something to show at
the end and at each stage in between.
Build up material for the ultimate essay
—
"What I did with my engineering de-
gree."
^^..^
Illinois Technograph invites letters in response to
its articles and editorials, or any other item of in-
terest to our readership. Articles, photographs,
and other contributions will also be considered.
Letters must be signed, but names will be with-
held upon request.
by Robert Ekblaw Very Large
Scale Integration
These days. It is
ditficult to decide If
computers can
reproduce themselves,
or If they only assist In
the complicated
process. In the past,
people have
expressed their fear of
computers being able
create other
computers. A grasp of
the design methods,
however, for such a
process often allays
any worries.
Have you e\cr watched in awe as
those massive computer systems hummed
and churned in their attempt to process in-
fonnation.' Ha\e you ever wondered what
is the key of success in those monsters?
Ha\e \ou e\'er ptindered the inner work-
ings of them, wondering just what it is
that makes those babies tick? If you have,
then you will be extremely interested in
this article.
The topic of this article is VLSI cir-
cuits. VLSI stands for Ver\' Large Scale
Integration. This refers to the integration
of a \ er\- large number of transistors into
a smgle capacity or single space. VLSI is
the descendent of SSI (Small Scale In-
tegration). MSI (Medium Scale Integra-
tion), and LSI (Large Scale Integration).
Each step along the progression from SSI
to MSI to LSI to VLSI increased produc-
tivity by increasing the amount of work
capable of being accomplished, while at
the same time decreasing the time neces-
sary to perform the work.
The progression of technology from
which VLSI circuitrv' emerged was a long
and complicated one. When computers
began, they were run by vacuum tubes.
glass tubes w ith the air forced out of them
and circuitry within (much like the tubes
found in television sets). The central
memop, was stored on drums, large cylin-
drical units processed by a drive sn stem
that was separate from the rest of the
computer system. These massive
machines were knovsn to fill entire rot)ms.
They were so large, in fact, that often the
computers were placed on the newly-
constructed floor of a building and the
walls were built around them.
.•Xs technologv grew . so did the
necessarv capability of the computer. The
memorv' was changed to large magnetic
reel tapes. This was fine for awhile, but it
was evenuially changed to large, flat, hard
magnetic disks. In time, both the memor\-
and the processor were changed to the in-
tegrated circuitn. that now e.xist. Howev-
er, this circuitr\' has also seen changes.
A little background will be necessary
in order to understand the impwrtance of
its change. A division of a memon,' circuit
board in a computer is a chip. Each chip,
referred to as a RAM (for Random-
Access Memor\). can support a certain
amount of data. Data is tvpically divided
into ""bytes.'" A bvie is a fundamental
unit of data composed of eight bits. These
bits hold one piece of information each.
The information stored is either a I or a
0. Each bit holds either a 1 or a 0. The
arrangement of the Ts and 0"s in the
bytes determines the typ)e of information.
The equivalent of a bit in the English
language is a letter, and the byte's equiva-
lent is a word. A common collection of
bytes is a K. which is 1024 hues. K is
short for kilobyte, but notice that it is not
a thousand, as a normal kilo- would de-
note. TTiis is due to the binary numbering
s\stem used by the computer instead of
the decimal numbering system utilized by
humans. Now. with this information in
mind, let's analyze the memory circuit's
progression.
When the RAM circuit first came out
in 1971. it was composed of IK R.AM
chips. In other v\ords. each chip could
only hold IK of information. However, as
Miles Lewitt. manager of Software De-
velopment at INTEL Corptiration said.
"TechnologN is not slowing down. It is
increasing at an ever-increasing rate."
Thus, as technology increased, so did the
chip's data capacity. In 1974. 4K R.AMs
were used in memorv' boiirds. In 1977.
the amount of data in each chip grew to ^^
I6K. Not slowing at all. 64K RAMs wereMl
used in 1980. followed by 256K RAMs ^^
in 1983. It grev\ in pt)wers of four, with
each new chip coming out three years Am
apart. This exponential growth in a linear^^
amount of time illustrates the tremendous
leaps in the computer industry over the
last twelve years.
A startling situation surrounding the
memorv 's growth is its price. One would
expect that as the capacity grew, the price
would increase, however, the opjxisite is
true. When the IK chips came out in
1971. they cost approximately one cent
per bit. The price gradually diminished
until 1974. when it was about half that
price. From then on. it maintained that
price until its demise in 1981. The 4K
R.'\.M of 1 974 started its cost at the point
of the I K at that time—half-a-cent per
bit. This price steadily decreased until
1978. where it was one tenth its original
cost. This price remained until its death in
1982. The 16K RAM of 1977 was pro-
jected in 1976 to cost two-tenths of a cent
per bit to produce. When it hit the market
in 1977. however, it had dropped to one-
tenth of a cent. This cost fell all the way
to an eight-thousandth of a cent per bit.
reaching that point in 1982. The 64K
R.^M started at one nine-hundredth of a
cent per bit in 1980 and hit a seven-
thousandth of a cent per bit last year, and
is still dropping. In fact, the starting price
of a 256K RAM was a fifteen-thousandth
of a cent last year. The reason given for
the higher price per bit for the new 256K
RAM chip is the new production and de-
sign methods used in it. Tliis makes it
more expensive than the 64K. but its pro-
cessing is said to be much better.
TTie manufactunng of these little sili-
con wonders is an interesting procedure in
itself. The manufacturing is divided into
three main stages: architecuire. circuit de-
sign, and device characteristics defining. A
All of these steps iire carried out via a set
of masks. These masks are desiiin stan-
'Product of VLSI Technology
Diagram of one bit of a one megabyte RAM chip.
Source: Department of Computer Science, University of Illinois
dards and techniques generally outlined,
with enough definitions to create the
actual product b\' expanding and enhanc-
ing the masks.
Toda\ . architecture and circuit de-
signs are being produced by computers,
using the guidelines contained in the
masks, and these designs are transmitted
to other computers. The job of these other
computers is to manufacture andor con-
trol the manufacturing of the photo-
resistant silicon RAM chips. Then a cir-
cuit board is designed and etched, electron
paths are soldered, and the chips are
placed in the board. The board is then
combined by w ires and circuits to other
boards and the network of boards is
placed into a mainframe. A computer is
thus made.
A layman may ask v\hy the adv-
anced VLSI systems with their 236K
RAM chips are necessan. . One of the
many reasons is an evervdav commodity
for video-game buffs—highly-det'ined,
sharp-resolution computer graphics. The
use of VLSI in graphics systems is con-
stantly growing. VLSI facilitates, in-
creases, and speeds the needed processes
in graphics: data manipulation, anthmetic
processing, fast drawing, text processing,
microprocessing, and many more. VLSI
circuits connect and regulate the data pro-
cessor, graphics processor, memory, video
generator, screen buffer, and monitor.
Most important of all to the \iewer player
customer is that VLSI systems and high-
capacity RAM chips enable higher resolu-
tion and faster refresh time.
The higher the resolution, the sharper
and more lifelike the image. The refresh
shows maximum actions in time; the high-
er the refresh, the faster the motion can
be. In general, successively higher resolu-
tions allow higher refreshes. Thus, the
higher the chip capacity, the less memory
needed for the screen buffer and more
memory can be used for the program. In
video games, this means that the games
can be more complicated, with a myriad
of different scenes and actions, making
the game more exciting and less repeti-
tious.
VLSLs most important responsibility
is to act as a interlace between humans
and the computer. The high capability
given to computers due to VLSI technolo-
gy has paved the way for high-level lan-
guages that are more easily understood by
the average person, yet can suntil be com-
piled and translated into the machine lan-
guage understcxid by the computer. This
siaiation has enabled the computer to ex-
pand and encompass all facets of human
life, since it is possible for practically
anybody to utilize a computer system.
Thus, VLSI is on the forefront of a new
frontier; a frontier cultivated by a compu-
ter-using society and reaped by all people
in all walks of life. I
by Mary McDowell Speak and
You Will Be Heard
Vocal control o(
computer systems has
been fantasized and
talked about as much
as robots have—since
the first scl-fi stories.
As usual, however,
reality is talking over
and allowing the
utilization of such
conceptions.
The past few decades have seen a
rapid technological expansion of our
Americ;in culture. Space exploration, new
fomis of energy, and advances in com-
munication are continually changing our
lifestyles. One of the most frightening
things for many people, however, has
been the evolution of the computer. From
the first vacuum tube model to HAL, the
WOPR, and the Apple II, computers have
invaded every facet of daily living. People
are wary of computers, whether due to
new words the machines have introduced
or unease when a machine is capable of
diagnosing illnesses.
Computer engineers, anxious to
spread the application of computers, are
working to develop systems that make
computer use more feasible for those who
could benefit from a computer's applica-
tions, but don't necessarily need to know
how a computer works. One of the big-
gest steps toward achieving the goal is the
development of the voice-operated compu-
ter. These computers are activated by the
human voice and execute commands
accordingly.
Voice-controlled computers operate
by interpreting the energy patterns of
sound waves generated by a human
speaker. The sound waves are first con-
verted to digital electrical signals by a
microphone. The varying loudness of the
spoken word is recorded as well as the
time elapsed, resulting in a time versus
loudness scale. A mathematical technique
known as a fast Fourier transfonn then
characterizes the wave form into a three-
dimensional event. The signal is thus con-
verted from the time to the frequency do-
main. Band-pass filters divide the signal
into three octave-long frequency bands. At
this point, the machine has characterized
each basic unit of sound, as well as noted
the time elapsed between each unit.
There are two types of interpretation
that can occur at this point; linear and
warped. A linear system is one in which
the word order is specified. The com-
mands must be entered in a prearranged
way in order for them to be processed
correctly. A warped system relies upon
techniques of natural language processing
and artificial intelligence. They offer a
great deal of input freedom, but they are
considerably less accurate than their linear
counterparts, due to linguistic rather than
electronic complications.
The input energy patterns are match-
ed against a referent within the computer.
Each sound that the computer is program-
med to respond to has such a referent
template. These are generally previously
recorded by the operator, but they can be
computer generated. If the input energy
distributions agree, the computer executes
the command.
There are two diametrically opposed
functions of voice activated systems:
speech identification and speaker recogni-
tion. Research on speech identification
was begun by Bell Labs and Carnegie
Mellon University in the late I950's. Its
objective is to have a system that will re-
spond to the commands of any speaker of
that language. The speaker recognition
process limits the input to a few restricted
users.
The primary difference between the
two systems lies in the matching proce-
dure. A speech identificaton system com-
pares the input to the average spectral pat-
tern for a speaker of that language. The
computer compares the input signal with
the referent and assigns mathematical
scores to quantify the similarity to the re-
ferent. A tolerance is allotted so as to
allow for speaker variation. Because of
the allowed variance, these systems must
have a restricted vocabulary and a very li-
mited form of interaction so as to reduce
the number of potential input errors. This
form of system is speaker independent
and available to a large number of users.
Speech identificaton systems have
wide application when there are a great
number of users communicating the same
basic message or type of message and
where the respionse to the query may be
deferred and a tape recorded message will
not suffice. For example. Bell labs has
been working on one to handle airline re-
servations. It has constrained syntax and
grammar, and the vocabulary is limited to
one hundred twenty-seven different words.
It is able to process almost six billion
different sentences with an accuracy rating
of ninety-five per cent. Bell has also been
developing systems to provide directory
'
ssistance and automatic dialing services
via computers.
For a speaker recognition system, the
spectral pattern is more closely scruti-
nized. The system relies on the fact that
every person has a distinct characteristic
speech energy distribution within the
sound waves of their voice. Before using
the machine, one must read certain target
words into it so that the spectral pattems
can be stored as templates within the sys-
tem. In order for the machine to respond
to the given command, the input signal
must be well within the range of the refer-
rent template. Since the tolerance for each
phoneme is so much smaller than it is for
speech identification systems, more sound
templates can be stored without fear of
overlapping ranges. These systems will
therefore have the benefit of an expanded
input vocabulary, as well as being neces-
sarily restricted to a few specified users.
Speaker recognition systems are use-
ful in situations in which the commands
should only be implemented following the
directive of certain persons. A potential
application is use in banks. Instead of
matching an account holder's signature as
a means of identification, a voice spectral
pattern would be compared to referent on
file. Funds would be released only if the
two matched.
With this use comes the obvious
concern about security. This could be
solved, however, if the degree of match-
ing was extremely high. If the matching
was close enough, even mimicry would
not be a problem, says University Elec-
trical Engineering Professor Narendra
Ahuja, who outlined this potential applica-
ton. An imitator could pick out the domi-
nant features of a speaker's vocal pattern,
but they could never reproduce it exactly.
Even people with very similar voices,
such as siblings, have discemable pat-
Susan Ratcliffe,
Secretary to the
Associate Director of
CERL, demonstrates
some of graduate
student Eric Petajan's
voice operation
equipment, (photo by
Richard Barber)
tems. Theoretically, as long as the match-
ing procedure was very precise, the
account would be secure.
The major problem with voice-
operated computers is the accuracy with
which they interpret sound. The computer
could make three basic errors: it could
match the input to the wrong referent, it
could fail to recognize a sound for which
it has a referent, or it could accept a
sound for which it has no stored referent.
Some errors are caused by back-
ground noise. Noise either distorts what
the user is trying to input, or it is taken as
input by itself. This problem can be con-
trolled by the use of more sophisticated
input devices. The major sources of error,
however, arise from linguistic factors.
An issue of concern for designers of
successful systems lies in the utterance of
the sound themselves. Homonyms create
an obvious problem and are thus excluded
from computer recognition vocabularies.
Even fairly similar words can cause diffi-
culties. The difference between the aver-
age pattern of one sound (with tolerance
added) and that of another is very slight.
It would become exceedingly difficult for
the computer to discern whether the input-
ted signal most closely matched the begin-
ning of one range or the end of another.
In order to have an operable system, the
commands must be read in very distinctly
without the usual tendencies to swallow
ends of words or to run them together.
The speed of processing the input is
another hindrance. Normal english con-
versation proceeds at 1 50 words per mi-
nute. A computer making seven million
operations per second takes over one hun-
dred seconds of computer time to process
one second of speech when full sentences
continued on page 18
by Kirt Nakagawa A Matter of Particles
Some scientists claim
nuclear physicists'
work Is like pounding
a watcti with a
hammer to see how It
works. Be that as it
may, such hammers
are becoming more
and more powerful
and sophisticated with
every lilow.
Located less than two blocks from
Memorial Stadium, home of the Fighting
mini, lies the University's Nuclear Phy-
sics Laboratry (NPL). where research in
electromagnetic nuclear physics is con-
ducted.
The NPL consists of a linear
accelerator, or linac. five major ex-
perimental areas, a computer control sys-
tem, and a host of other technical support
systems. Some of the experiments include
the study of basic nuclear structure,
bremsstrahlung (the process by which
accelerated chiirged particles emit radia-
tion), and the study of collective modes,
which are the fonns of vibration and rota-
tion of nuclei when they are excited to
high frequencies.
The heart of the lab is the linac, a
particle accelerator. The device was built
in the fall of 1977 by the High Energy
Physics group at Stanford University at a
Microtron Using a Superconducting LINAC l\/IUSL-2
Figure 1. The arrangement of magnets and ma)or components in the fi^USL-2 accelerator.
SOCHRONOUS INJECTION TRANSPORT \
00
CHOPPERS
INFLECTOR CHICANE
/ SUPERCONDUCTING LINAC ACTIVE FIELD CLAMP
TO EXPERIMENTAL AREAS
-er^
.- EXIT BEAM
Source: Status Report December, 1983, Department of Physics, University of lilinois at Urbana-Champaign,
cost of a half of a million dollars, Larry
Cardman, technical director at NPL, stres-
ses that the linac is not a reactor of any
sort. The operation of a linac can be
understood in terms of the law of elec-
trostatic interaction: that opposite charges
attract and that like charges repel (see fig.
I). This principle is employed to acceler-
ate the given charged particle to high
kinetic energies. By virtue of this energy,
the particle can be used to extract data
from atomic and nuclear systems, usually
by studying the physics of a collision be-
tween the particle and a target system.
At NPL, electrons are accelerated to
maximum energies of 70,(X)0,(KX) elec-
tron-volts (eV), which con-esponds to a
velocity greater than ninety-nine per cent
of the speed of light. The actual accelera-
tion system consists of a six-meter
niobium linac operating at two degrees
Kelvin. Due to this extremely low temper-
ature, the linac is superconducting, which
means that the energy loss in operating
the linac is drastically reduced due to the
disappearance of electrical resistance. To
maintain this temperature, the linac is en-
cased in a thousand-liter tank filled with
liquid helium.
The linac is a "racetrack"' design for
the electron beam; that is, the beam can
be accelerated through the linac up to six
times, each time giving the beam succes-
sively greater energy by turning the beam
around and redirecting it through the
linac. This is accomplished by using two
sets of large magnets located at opposite
ends of the linac (see fig. 2). When the
beam is in an external magnetic field, the
moving charges experience a force, thus
causing them to accelerate. The accelera-
tion is in the form of a change of direc-
tion. The first set of magnets reverses the
r
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How a LINAC Works
Figure 2
A charged particle is
attracted to a charged
metallic surface (here
the particle has a
negative charge and
the surface is
positive).
The particle goes
through a hollow
"tube' in the metal.
Upon exit the particle
is repelled from the
initial surface and
attracted to a second
surface with a positive
charge.
The process continues
until the particle is at
its maximum energy.
Source: Kirt Nakagawa
direction of the beam and the second set
of magnets reverses the direction of the
beam again, this time back into the linac.
The direction change is along an arc while
in the magnetic field. As the electrons
gain energ\' the radius of cur\'ature in-
creases. What limits the linac to six pas-
sages is the size of the magnets. Tech-
nically the linac is called a MUSL. or
microtron using a superconducting linac.
In addition to experimental areas, the
accelerator and its operation are part of
the studies being conducted. While opera-
tion of the accelerator itself is understood,
the necessary related technologies are still
in the e.xperimental stages and are under-
going testing. They are protot\pes for lar-
ger systems for eventual use. Some of
these prototypes include: \acuum systems,
control system computers, and basic linac
design. When studies on the prototype
systems are complete, the National Scien-
ce Foundation (NSF) is likely to continue
substantial funding in the form of a grant
for construction of a 300MeV accelerating
system. This would involve a new build-
ing that would cost between si.xteen and
twenty million dollars. Its anticipated date
of completion is 1988.
With the greater energy a 300 MeV
system would provide, greater resolution
of atomic systems is attainable. For exam-
ple, at energies of 140 MeV and higher,
pions (particles in the meson class) can be
produced. What these are. sa>s physicist
Paul Debevec. are ""the entities which
represent the forces between nucleons."
In other words, higher energies allow a
deeper probe into nuclear systems. By
comparison, the accelerator at Fermilab
near Batavia. Illinois, is a factor of a
thousand times more powerful. With that
kind of power, the nucleons themselves
may be probed.
Testing on the prototypes has been
favorable, according to Debe\ec. TTie
NSF is traditionally generous in the fund-
ing of nuclear physics research, so future
for NPL looks ven' good.
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Engineering Open House
Ihc \W4 Engineering Open House
was another grand suecess. Evers \ear
EOH attracts high school students from all
o\er the state. ¥ot nian\ of them, this is
their first exptjsurc to engineenng. There
were exhibits on display from nearly ev-
ery engineering dep;irtment and society,
all of which aptly expressed this years
theme, "Developing Tomorrow, Today."
Among these were the latest advances in
sail technology, robotics, and roof design.
(photos by Jane Fiala)
12
Technovisions
13
by Eric Guarin Stranded Waves
Two Approaches to Fiber Cables
The refractive index
is like a guide to
optical density. Tlie
higher the refractive
index, the more
optically dense the
material. A change in
refractive index
causes a change in
the direction of wave
propagation.
Refractive
Index
®
I I
Core
Cladding
i I
The sharp change in refractive index causes the light to bounce or reflect
from the core cladding boundary, allowing the light to travel along the fiber
instead of leaking through.
Source; Popular Science. August. 1982.
The time has arrived for travel at the speed of
light. Although human transportation is not yet
possible, your likeness can be sent vocally via
laser beams to people and places all over the
world.
In the minds of many people the
words "fiber optics" " conjure images of
cheap novelty shop lamps. Today, howev-
er, fiber optics is a senous business in
many fields. In addition to the novelty
lamp, fiber optic principles find applica-
tions, though pnmanly in the communica-
tions field, in such diverse fields as medi-
cine, instrumentation, and others.
An interesting historical note lies in
how all this new technology was preceded
over a century ago when Alexander Gra-
ham Bell first transmitted a voice on a
beam of light using what he called a
"Photophone". an invention which he
maintained was far more important than
the telephone.
Today's version of the photophone
sends beams of laser light through thin
glasslike fibers. The technology invoKed
is called fiber optics, and finds applica-
tions in many fields other than com-
munications. Medical technology uses fi-
ber optics to look inside the human body.
Some mechanical devices utilize a fiber
device to detect rotation of as little as one
thousandth of a degree per hour. Many
other sensing and monitoring devices
based on fiber optics are under develop-
ment or in use: alann systems, probes,
and all sorts of sensors. Applications of
fiber optics to computers and artificial in-
telligence may well cause new discoveries
in those fields, and military applications
have been found for this technology. Such
exotic uses notwithstanding, the most
common and perhaps most important ap-
plications of fiber optics are for com-
munications purposes.
Use of fiber optics in the com-
munications field did not progress much
from the experimental level of Belfs
Photophone until the early I960"s and the
invention of the laser, the light emitting
dicxie (LED), and then the invention of
the semiconductor laser. These inventions
both paved the wa\ and stimulated in-
terest in the use of light technology. Even
though existing glass fiber at the time had
severe signal losses, time, money, and re-
search brought about a reduction in these
losses.
Fiber loss, or attenuation, is most
usefully expressed in decibels per kilo-
meter, where each ten decibels represents
a loss factor of ten. A 20 dB km fiber one
kilometer long would therefore attenuate a
signal to 1/100 of its original value. Com-
mon silica fibers can attain attenuations of
.2 dB/km. while exotic fibers ma> have
as little as .00001 dB'km loss. Usine one
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Index
In this case the gradual change in refractive index causes a gradual bending
of the light path back towards the center of the fiber.
of these exotic fibers, a cable could be
strung between the Earth aniJ the Moon
which would attenuate a round-tnp signal
by a factor of less than ten. Due to the
properties of the fibers, the actual attenua-
tion depends on the wavelength of the
light—longer wavelengths generally travel
best through the fibers. .As might be ex-
pected, the fibers with the least attenua-
tion are by far the most expensive.
On a general le\el. fiber optic and
conventional electronic communications
sytems resemble each other quite a bit.
The technology involved is different, but
both types of systems use transmitters,
cables, and receivers, with repeaters in
between if needed. A repeater is a device
which receives the incoming signal and
boosts its amplitude to prevent the signal
from getting lost in the background noise.
Present fiber systems consist of a grab-bag
mix of conventional electronic compo-
nents and electro-optic devices like LED"s
and phototransistors. This approach leads
to difficulties due to size mismatch be-
tween the minuscule fibers and the gener-
alK much lariier de\ices at the ends of the
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fibers. The future of electro-optics will
most likely be dominated by photonic cir-
cuits, components wherein bulks discrete
components like the LEDs and phototran-
sistors are shmnk to a microscopic scale,
and an entire circuit is made out of subs-
trate layers on a tiny chip. In this respect
optical information sytems will resemble
more and more the current integrated elec-
tronic circuitry pre\alent in many fields,
but v\ ill use light instead. The question
naturalK arises: if the systems are so
alike. v\hy use fiber systems which are
not yet cost-competitive with conventional
systems? The reasons are many and
varied.
Various factors make fiber optics su-
perior to con\entional electronics in com-
munications systems. Perhaps most impor-
tantly, fiber systems have potentially a
much higher infomiation density: fiber
sNstems can handle more data in less
space in the same amount of time. Rates
of almost 600 megabits per second—8000
simultaneous phone calls, for example
—
ha\e been achieved, far outstripping cur-
rent systems. Fiber cables, also called
waveguides, have proven smaller, lighter,
stronger, and more flexible than copper
cables. Fibers can be as thin as a human
hair and yet have a tensile strength higher
than steel. Fiber waveguides are also im-
mune to crosstalk between adjacent fibers.
and are immune to electromagnetic in-
terference, even though receivers may not
contain this same immunity. .As a result,
w iretapping a fiber system poses quite a
challenge.
Fibers can also be made extremely
resistant to heat, corrosion, lightning,
short circuits, and so forth, and electric
shock and spark hazard do not exist.
.Although the fibers can be damaged by
radiation (their attenuation may increase),
proper fiber cladding can surmount this
problem. Indeed, a fiber cable recently
dcNcloped by Hughes .Aircraft withstood
one million rads of radiation, in addition
to a temperature of 400 degrees centigrade
and two percent strain. While not in-
\ulnerable and faultless, fiber systems
thus have significant advantages over con-
ventional copper cable systems.
As might be expected, fiber optic
sytems do ha\e drav\backs. One drawback
lies in situational economics: optic sys-
tems are not yet cost compatible with pre-
sent systems. Furthermore, fiber systems
require very precise handling and highly
purified materials are necessary to make
the fibers. The advantages of lower bulk
and less need for repeater amplifiers along
the signal path will eventualh' even cost
difference to a degree, and the greater in-
formation capacity of the fiber s\ stems
should also help. Handling problems are
being worked on. and ingenious devices
like British Telecom's automated splicer
rugged enough to use in a manhole should
ameliorate handling difficulties.
.All in all. fiber optics seems to be
the wave of the future in a very literal
sense. IT&T scientist Dr. K. C. Kao. a
pioneer in the field, foresees optic fiber
networks carrying information at 1000
times the rate of today's systems. In the
long run. it would seem, fibers are the fu-
ture in communications.
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by Jim O'Hagan Vacancy to Fill
I believe the mantle of leadership should be
passed to someone younger who can guide the
college during the exciting period for engineering
which lies ahead.
"
—Daniel C. Drucker
"I lotik upon it as a terrible loss to
the College of Engineering. I'm sorry to
see him go." said Engineering Dean R.
W. Bokencamp.
Indeed, technological progess in the
last 15 years has brought American socie-
ty past the realm of science fiction and
into the most rapidly changing social era
since the Industrial Revolution. But rather
than being left behind in the face of deep
budget cutting coupled with increasing
costs, the College has actually progressed
to the forefront of this developing field.
And because of the leadership provided
by Daniel C. Drucker, no one has been
surprised.
"He has really done a tremendous
job with the College," explained Dean
H.L. Wakeland. "He brought it to a very
high prestige among engineering colleges
in the United States." In fact, the regard
with which the University is held by fel-
low members in the engineering commun-
ity has improved to the point that it is
now consistently picked among the top
three in the country.
Such has not always been true,
however. "It's been a rugged time in
higher education," said Dean P. E. Lar-
son. "The last 10 years higher education
has not been the fair haired boy it was for
years before that. The priorities of the
legislature have changed. That's made it
tough for high education." Drucker con-
siders this a major accomplishment. "I
guess there are a large number of things
in general terms though what I'm proudest
of is in the period of financial stringency
we were able to maintain the quality of
the College. It was no easy task to not
Daniel C. Drucker, Dean of Engineering, recently
announced his plans to retire after more than 15
years of leadership, (college file photo)
just maintain the College but move it in
new directions," said Drucker.
During such difficult times however,
the leadership exemplified by Dean
Drucker has proved indispensible in pre-
serving the quality of the College and of
the University. In a letter to Drucker by
John E. Cribbet the chancellor said,
"There can be little doubt that the preemi-
nent position of our College of Engineer-
ing, even during the difficult financial
period that has affected the entire universi-
ty, reflects the considerable wisdom and
leadership you have brought to the
deanship."
Indeed, Drucker was recognized in-
ternationally as a leading figure in the en-
gineering community. Chancellor John
Cribbet said, "You are among the giants
in engineering and engineering education.
During the past fifteen years, you have
played a significant leadership role not
only in our own College of Engineering
but on the national and international
scene."
"There are really two things that
stand out in my mind," said Bokencamp.
"One is his successful campaign to bols-
ter the Engineering budget at a time when
there was a shortage of funds ... the
second thing is that I had a rare opportun-
ity to observe him in positions of national
leadership at a time he served as chairman
of the Engineering College Council of the
American Society of Engineering Educa-
tion. I saw him exhibit the foresight to
see problems that have come about and
encourage deans to take action to mini-
mize problems if not solve them." Druck-
er's leadership easily cut through tradition-
al departmental divisions. "He brought
people together from different areas to
work together," explained Wakeland, as
Drucker bolstered such projects as the
Coordinated Science Laboratory.
These abilities brought significant
recognition to Drucker. Before coming to
Illinois from Brown University. Drucker
taught at Columbia. Brown, and Cornell
Universities. Now a member of the
National Academy of Engineering and a
fellow of the American Academy of Arts
and Sciences, Drucker has served as pres-
ident of the International Union of
Theoretical and Applied Mechanics, the
American Society of Mechanical En-
gineers, and several other professional
organizations.
Despite Drucker' s impressive resume
the task of determining a successor must
be completed before Drucker leaves his
post in August. After nationally advertis-
ing for applicants, a search committee will
determine the individual most qualified to
head the College. "There are lots of
things that need doing that one couldn't
ascertain before. Financial stringency,
overloaded faculty, the fraction of time on
the curriculum and the undergraduate level
hindered progress," explained Drucker.
"Now things are loosening up. People are
beginning to ease."
Drucker' s leadership has been a vital
force in the College, but its loss will not
spell doom. "It's a ver>' strong college.
No big institution is indispensible," Par-
ker said. But this ver\' strength may be
Drucker's kirgest contribution to the Col-
lege of Engineering. "It's ver\' positive to
what he's done," explained Wakeland.
"He's led the College through difficulties
and now positioned it so that it is ready
for another quantum jump."
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WHODLET
A23^rEAROLD
WORKWrTHTHE
WORLD?MOST
SOPHISnCATED
LASER SYSIIM?
Or evaluate primary sensor performances of
multimillion dollar satellites?
Or manage millions of dollars a year in
defense contracts?
The Air Force, that's who.
If you're a talented, motivated electrical
engineer or plan to be, you don't have to wait to
work with the newest, most sophisticated
technology around.
You can do it now, as an Air Force officer
working as an electrical engineer.
Don't get us wrong. We don't hand it to you
on a silver platter. You have to work for it. Hard.
But if you do, we'll give you all the
responsibility you can handle. And reward you well
for taking it.
You'll get housing, medical and dental care —
and excellent pay that increases as you rise in rank.
Plus there are opportunities to attend graduate
school. If you're qualified and selected, we'll pay
75% of your tuition. Those with special
qualifications can even study full time, at no cost.
So plug into the Air Force. Because when it
comes to technology, the Air Force can help you
achieve great sophistication at a very tender age.
For more information contact your local Air
Force Recmiter, or call toll-free 1-800-423-USAF
(in California 1-800-232-USAF). Better yet, send
your resume to HRS/RSAANE, Randolph AFB,
TX 78150. There's no obligation.
AIM HIGH
AIR FORCE
A great place for engineers
continued from page 9
are used. Input must be reduced to a very slow level in order to
facilitate comprehension.
The use of lull, unrestricted sentences is the ultimate goal
of voice-operated systems designers. Interpreting whole
sentences, however, creates an incredible linguistic quagmire.
Every functional sentence processing system constrains its users
to a specified syntax. When free input is allowed, systems such
as Bell's airline reservations drop to only 35'7r accuracy. Most
sentence pnxessing systems rely on a serial form of interpretion.
Research on improving the accuracy of voice-operated
systems is being carried out in CERL in the laboratory of Eric
Petajan. an electrical engineering graduate student. His system,
being developed as his Ph.D. thesis, involves use of a solid state
camera twused on the lips of the speaker. TTie computer then
matches the shape of the speaker's lips to the frequencies being
received. This helps the computer be more accurate in its
reception of the sound.
Petajan's system operates strictly by matching the
frequencies of the voice pattern to a template. It uses a Votemill
to process the speech. A si.xteen channel filter band converts the
analog signals into digital ones. The computer only recognizes
words of maximum utterance of 1.25 seconds. It has one
hundred templates of thirty-four bytes each which generates an
accuracy rating of 90-959^. Forty templates, according to
Petajan. is the maximum for nearly total accuracy due to the
acoustic similarity of many words.
The system is speaker-dependent with a fixed syntax. It
uses a head-mounted microphone and recognizes isolated words
only. Petajan says he achieves optimum results using a
combination of keyboard and voice input methods.
The voice-operated system has been used by people from
the rehabilitation center with moderate success. The system is
ideal for those whose limitations are in their limbs and have
perfectly natural speech, says Petajan. The system can be
adjusted to accomodate those who do have speech disabilities.
Voice-of)erated systems could be used wherever keyboard
input devices are currently utilized. Their application could be
extended to cases where traditional forms of input are not
feasible. Texas Instruments has develof)ed a system to aid their
quality-control inspectors on assembly lines. Instead of picking
up each object, putting it down to log any discrepancy, and
picking it up again to continue the inspection, the inspector
merely enters all data verbally and thereby increases
productivity. Applications for aircraft pilots and automobile
drivers are being examined by researchers as well.
The basic premise behind voice-operated computers is to
make them more accessible to human users and to gear the
whole computer-human interaction more toward the person and
not the machine. As Professor Stephen J. Whithers of the
University of Warwick stated in the January, 1983 issue of
Simulation. "Designers of systems that involve people should be
fit for people to use and not sacrifice human requirements for
technological convenience. These machines widen the scope of
accessibility of computers and are just one more step toward the
integration of high level technology into mainstream culture."
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Technotes
Legislators Visit
With the increasing tax burden and
decreasing accountabilir>' being received
from state employees in recent months,
the need for direct contact with elected
officials is at an all time high.
Engineering students received this
opportunity' recendy at the TBO Legisla-
tive Forum. Several state senators and
representatives attended the all-day affair
consisting of group discussions with in-
terested students, a luncheon, and con-
cluding banquet.
Despite extensive publicity by TBH
and the important opportunity to personal-
ly associate with state leaders, saident
turn-out was low. '"Students don"t realize
how impwrlant government is to them
now." explained an event organizer Amy
Baits.
Physics Flares
Loomis Lab. longtime liberal hot
spot on campus, reached dangerous prop-
ortions in a recent early-morning fire.
The blaze, now attributed to arson,
was first reported by a building service
worker as a burning bulletin board on the
first floor, with hea\\' smoke on the
second floor. University fire fighters, re-
porting to the scene, found heavy smoke
and intense heat on the second floor and
immediately connected hoses to a nearby
hydrant in an attempt to cool down the
building. "On the second floor you have
cement block walls, concrete under the
floor, concrete above the ceiling, so the
corridor contains heat like an oven." ex-
plained Chief Duckowitz of the University-
Fire Department. Temperatures in the
second floor hallway reached over 1500
degrees.
The high temperatures made the fire
difficult to control. Approaching close
enough to effectively fight the fire was
difficult because the temperatures could
easily melt rubber straps or boots. Also,
when water was sprayed onto the brick
walls, they exploded, sending fragments
of masonrv' throughout the area.
The intensity of the fire required that
additional workers be brought in. The
University Department had immediately
contacted the Urbana Fire Department,
who quickly arrived on the scene. A third
alarm was sounded to bring in additional
manpower from the City of Champaign
Department. Also present was Arrow
Ambulance, vvhich arrived on its own
accord but proved beneficial when fire-
man Tom Pardick suffered an injured
elbow and smoke inhalation. He was
rushed to Bumham hospital for treatment.
Finally, the Fire Service Institute provided
manpower and equipment for replenishing
air tanks for the nearly 60 men working
amidst the dense smoke.
The most extensive damage resulted
on the second and third floors where in-
tense heat and smoke destroyed most of
the hallways and ceilings. Smoke may
have also damaged the S8000 PLATO ter-
minals on the second floor, even if such
damage does not become apparent for
some time. Onginal estimates put the
damage around^S200.000. although Chief
Duckowitz estimates that to rise to well
over S300.000.
An Awarding Experience
Nearly a year of organizing, plan-
ning, and hard work came together on
March 2 and 3 as students exhibited some
of the newest developments in the countrv'
to visitors at Engineering Open House.
Successful projects were exhibited by
nearly every Engineering Society and
Honor Society as weU as several spon-
sored by individual students. A four-
wheeled robot, created by Martin
Eberhard and Kevin McMillan, capmred
first place in personifying the EOH theme
of "Developing Tomorrow—Today 1"
AIIE emerged victorious in demonstrating
the use of engineering in today's society
with their display on statistical quality
control. Engineering in tomorrow's socie-
ty was best displaced by J. Hill, R. Drex-
ler, G. Karlov. K. Levenson. and M.
Wiecher with a computer controlled robot,
while two ASCE members. Jennifer Kurtz
and Steve Zibowitz. provided the superior
project for demonstration purposes.
Other projects represented individuals
or societies and were also successful.
AHE presented a music video "Come On,
I.E.'s!" to capture the top rating in their
division, while AAE claimed the honors
for presentation of research with a study
of wind tunnels. John Anderson explained
sulphur concrete slats while Richard Der-
ksen clarifiied laser optic methods for de-
termining droplet sizes as they won
awards in undergraduate and graduate re-
search respectiveh'. In the Waste Manage-
ment Contest. Clifford Fedler took fu^t
with a display on an anaerobic digester.
Departments also did well. In the
EOH Central Exhibit. Metallurgy and
Mining captured first while the granddad-
dy event, best overall society, went to Joe
Lehman and Agricultural Engineering.
"In terms of the number of students
that showed up and the quality of exhibits
compared with last year. 1 would consider
it a success," explained EOH chairman
George Mejicano. "I think the awards
went ver>' smoothly and my committee
did an outstanding job."
"There seemed to be a core group in
each department w ho did most of the
work," explained Steve Alexander, co-
chairman of awards. "Tlie projects were
good, but could have been even more out-
standing with more people involved."
Jim O'Hagan
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Technovations
Travelling by Trolley
Trolleys played a significant role in
the development of the Midwest (see Illi-
nois Technograph, December, 1983). But
recent developments on rail transport have
Ibrought this nearly extinct technology
back to the forefront of public transporta-
tion.
At the beginning of the 1980's only
a few U.S. cities still had operating trol-
leys. But San Diego and Seattle have re-
cently inaugurated new light-rail systems
and Buffalo. Sacramento, Portland, San
Jose, Los Angeles, and Detroit are all
planning modem light-rail systems for the
near future.
Unlike the earlier trolley systems,
light transit vehicles would run along ex-
clusive routes, not competing with vehicu-
lar traffic and would be partially or whol-
ly automated to avoid excessive staffing.
The new systems usually run short trains
of one or two cars that allow for more
frequent service, smaller and cheaper sta-
tions and lighter construction require-
ments.
One innovation in light-rail transit is
the use of induction motors which push
the trains along by magnetic induction be-
tween the undercarriage and the track. Re-
cent tests by Urban Transportation De-
velopment Corporation have shown that
the induction motor can drive trains
through snow up to a foot deep.
The wheel-to-rail interface may sev-
erely limit the future capabilities of high-
speed rail systems. Traction, braking, and
guidance are all provided by this inteiface
and, if the interface is less than ideal, pcr-
fonnance will decline. The use of magne-
tic systems to support, guide and propel
vehicles can eliminate the wheel-rail inter-
face completely.
Magnetic systems, called maglev,
eliminate all contact between the vehicle
and guideway, and the train can be levi-
tated and guided by magnets, propelled by
a linear-induction or synchronous motor.
On-board power requirements can be met
9
The SkyValet garment bag provides a convenient
means of carrying luggage around airports or bus
stations, (ptioto courtesy of Executive ScanCard
Systems)
through the use of a non-contacting linear
generator which eliminates another
troublesome interface, the third rail.
It's In the Bag
For frequently homesick students
who grow tired of lugging home heavy
suitcases from Altgeld Hall's bus stop.
Executive ScanCard Systems has de-
veloped a new garment bag.
Designed to eliminate many of the
hassles regularly experienced by execu-
tives and other frequent travelers, the Sky-
Valet wardrobe-on-wheels is a soft-sided
garment bag that carries clothing flat,
without folding. Unlike conventional gar-
ment bags however, recessed rubber
wheels are built into a lightweight poly-
carbonate base, allowing the user to wheel
the unit quietly and almost effortlessly.
The bag, available in a variety of
colors and models, is held upright by a
telescoping handle assembly which locks
in place to give the entire unit stability.
To fold the unit, the user simply presses a
button, and the entire handle assembly re-
tracts into a hidden compartment. The bag
can then be folded, carried, or stored like
conventional garment bags. By pressing a
release lever, a parcel carrier, complete
with baggage straps, can be released to
carry a briefcase or other carry-on lug-
gage. The SkyValet garment bag will
even stand by itself, freeing the user's
hands for other tasks as the need arises.
Listen Up!
Although hearing aids have progres-
sed extensively from the hearing horns of
several decades ago. the hearing impaired
still suffer from difficulties such as static
feedback, unstable response, and ampli-
fication of unwanted noise. All these
could be solved, however, with a new de-
vice developed by researchers at the Uni-
versity of Wyoming.
The first digital hearing aid has been
developed by Auditone Inc. working in
joint agreement with the University of
Wyoming's electrical engineering depart-
ment.
The basis of the computers used in
the hearing aid is digital-signal processing
(DSP). A central processing unit handles
digitized data to acquire designed prog-
rammed results. Software programs hand-
le information fed into the computer by
instructing the CPU on how to process the
input data.
Next, the computer processes signals
in two steps. First, the analog input is
converted to digital input information.
Secondly, the digital signal is manipulated
by the CPU. With sound for example, the
data may indicate that a sound is very
loud. This digital signal is altered using
mathematical algorithms, changing the
filtering capabilities of the hearing aid to
adjust to the loud noise. This use of digit-
al signal processing of analog signals re-
moves the dependency on conventional
analog components such as transistors, re-
sistors, capacitors and modulators.
The new digital device improves
upon its predecessor through its ability to
adapt to changing signals by using a mic-
roprocessor, by suppressing noise better,
and by responding more quickly to neces-
sary changes.
Jim O'Hagan
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Come join other engineering students, men and
women in comfortable living at
Hendrick
House
The only privately owned residence hall near
the engineering campus at the University of
Illinois with air conditioning.
• Reciprocal Agreement with U of I
• Reasonable Rates
• Choice of Entree
• Home Baked Rolls and Desserts
Green and Lincoln St.
Urbana, Illinois 61801
Phone 344-4957
If you are a college freshman or sophomore in good academic standing,
the Naval ROTC Program can be your chance for the experience of a
lifetime. The Naval ROTC Program can provide you a path to great career
opportunities, and also assistance now In your college education. Naval
ROTC Scholarships and College Program opportunities are available now.
Let us give you the whole NROTC picture.Contact:
LT BOB BURNS
239 Armory BIdg.
Phone:333-1 061/1 062
WE CAN PUT YOU
IN THIS PICTURE
SCHOLARSHIP BENEFITS
• Full tuition and fees
• Book expenses
• $100 subsistence/month
• "Hands On" training during
summer cruises onboard
Navy ships and installations
As a commissioned Naval or Marine
Officer you can start immediately
with:
• $18,000/year Basic income
increasing to as much as
$26,000/year in four years.
• Specialized training fields of
Nuclear Submarines
Naval and Marine Corps
Aviation
Surface Warfare
U.S. Marine Corps
•
m
Tech Profiles
9
m
Franco Preparata came to Dlinois in
1965 to expand his research after receiv-
ing his Doctor of Engineering degree from
the University of Rome, Italy in 1959. In
recent years his main research interest has
been the analysis and design of computer
algorithms. Being an EE and CS faculty
member, his interest has led him to the
design of VLSI systems and use of VLSI
circuits for algorithm execution.
Enjoying the intellecUial freedom of
doing research and teaching, Preparata
sees his responsibility as a University
faculty member as a continual strive for
excellence. He has developed the Berie-
kamp-Preparata optimal convolutional
codes and the Preparata nonlinear codes in
coding theory; published some 70 journal
articles, 29 conference papers, and 3 tex-
tbooks in the last 21 years; and is a Fel-
low in the Institute of Electrical and Elec-
tronics Engineers.
This summer will take Preparata to
China, the Xian Province, to lecture in
graduate level courses. His interest in Chi-
na stems from a f)ersonal fascination with
archaeology, art, history, and the exotic.
In October of 1981. he spent three weeks
at the Huazhong Institute of Technology,
Wuhan, Hubei Province as a visiting pro-
fessor.
James Lee
Jay Gooch graduated from the Universi-
ty of Missouri-Columbia in 1943 with a
bachelor's degree in electrical engineenng.
He received his master's degree here at
the Universirv' in 1951.
Beginning in 1951, Gooch worked as
a research engineer at the Coordinated
Science Laboratory for twent) years. He
then worked for ten years with the Uni-
versity's Aeronomy Radar program where
he had an active role in the construction
of the five megawatt, 4 1 MHz transmitter.
Since that time, his duties have
turned to teaching. Gooch currently
teaches EE 245, Electrical Engineering
Lab 11, and EE 353, Radio Communica-
tions Circuits.
Radio communication is an area of
special interest to Gooch. He is an active
amateur radio operator, and has been the
advisor to the Synton .Amateur Radio
Club for the past four years. While
amateur radio is mainly a hobby, he does
enjoy the exchange of technical informa-
tion it can provide. One of his regular
radio contacts works with the Radio Tele-
scope in Arecibo, Puerto Rico.
Gooch frequent!} posts current in-
formation about amateur radio and astro-
nomy on the bulletin boards outside of his
office in the lower level of the Electrical
Engineering Building.
Richard Barber
Samuel Stupp received his bachelor's
degree in chemistry from UCLA in 1972.
In 1977 he was awarded a Ph.D. in mate-
rial science and engineering from North-
western University. After teaching at
Northwestern, Stupp came to the Uni-
versity in 1980 as an assistant professor of
ceramic engineering and bioengineering.
Here at the University, Stupp has
taught polymer and polymer-composite
classes, as well as the implant materials
class he is presently teaching.
Although Stupp enjoys teaching and
interacting with students, a large portion
of his time is devoted to research. His re-
search interests range from polymers to
bone cements and biodegradable implants
for bone growth. Results of his research
can be applied to lightw-eight structural
materials, microelectronics, and surgical
implants.
Stupp views polymer science as an
ever-expanding field. In the future, he ex-
pects that polymer technology will expand
to include electrical applications, drug-
delivery systems, and the medical field.
Phil Messersmith
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The Logical Suspect
Soot particle growth as it takes place in wood-burningfireplaces,
diesel engines, and industrialfurnaces, has been attributed
to a complex set of interdependent chemical reactions.
A researcher at the General Motors Research Laboratories has
demonstrated that the decomposition of a single species is
primarily responsible.
Soot Formation
9erate more particles in the incep-
tion stage. More incipient parti-
cles offer greater initial surface
area for the incorporation of hydro-
carbons.
Since the growth rate per
unit area must depend on growth
species concentration, this con-
centration must be similar from
flame to flame. Dr. Harris went
on to reason that there must either
be enough growth species at the
outset to account for the total soot
growth in the richest flame, or
die species must be rapidly formed
within the flame from another
hydrocarbon present in high
enough concentration.
HE NARROWED his search
to the four most abundant
classes of hydrocarbons found in
flames: acety'lene, polyacetyienes,
polycvclic aromatic hydrocarbons
(PAK), and methane. Methane
can be eliminated, because its
concentration does not decrease
as soot is produced. There is not
enough PAH to account for soot
formation in any flame. Neither
of these two hydrocarbons can be
readily formed from the other major
species present. That left only
acetylene and the polyacetyienes.
Acetylene contains enough
hydrogen to account for the hydro-
gen content of soot measured in
the early stages of growth. But
among the polyacetyienes, only
diacetylene could possibly supply
enough hydrogen. That left acet-
ylene and diacetylene.
There is more than enough
acetylene to account for the mass
of soot produced. There is not
enough diacetylene, and while
diacetylene can be formed from
the abundant supply of acetylene,
the reported rate of conversion is
too slow for diacetylene to play a
significant role. That left only
acetylene.
Dr. Harris verified that acet-
ylene is the growth species by
determining that the slight increase
in growth rate per unit area is
proportional to the increase in
acetylene concentration (see Fig-
ure 1 1. He also found that the rate
constant he measured was in
agreement with the reported rate
constant for the decornposition of
acetylene on carbon. These find-
ings confirmed his hypothesis that
soot particles grow in flames by
the incorporation and subsequent
decomposition of acetylene.
"Now that we know how soot
grows',' says Dr. Harris, "we can
examine how it begins with greater
understanding. Then, perhaps our
knowledge will be complete enough
to suggest better ways to reduce
soot'.'
General Motors
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Dr Stephen J. Harris is a Staff
Research Chemist at the General
Motors Research Laboratories.
He is a member of the Physical
Chemistry Department.
Dr Hams graduated from
UCLA in 197L He received his
Master's and Ph.D. degrees in
physical chemistn,' from Harvard
University. His doctoral thesis
concerned Van der Waals forces
between molecules. Following his
Ph.D. in 1975, a Miller Institute
Fellowship brought him back to
the University of California, this
time at Berkeley, where he spent
two years stud>ing laser-induced
chemistrv. He joined General
Motors in 1977.
Dr. Harris conducted his
investigation into soot particle
growth with the aid of Senior Sci-
ence Assistant Anita Weiner.
His research interests at GM also
include the use of laser diagnos-
tic techniques in combustion
analysis, with special emphasis
on intracavity spectroscopy.
IF'YOU-CAN-DREAM-IT-YOU C A N • D • I T
Expand the mind
ofthe microchip.
Remember when electronic
calculators were considered
a luxury? Well, consider this
sign seen recently outside a
gasoline station in Schenec-
tady, New York: "Free calcu-
lator with an oil change."
That s just one sign of the
enormous impact micro-
chips have had on the way
we do everything - from
banking to game-playing.
But how will we use micro-
chips that are smarter,
faster, more reliable, and
less expensive to design?
How will these new micro-
chips be used to improve
systems, products, and pro-
cesses'r' As one GE engi-
neer puts It, "The sky's the
limit!"
That sky is replete with a
number of integrated circuit
concepts that GE is apply-
ing right now.
There's the custom IC, a
chip that performs highly
specialized functions. Tradi-
tionally, creating this chip
has been an expensive,
time-consuming job. So
were working on ways to
cut design time and cost.
We're using computer-
aided design (CAD) to
design and simulate chips
right on computer screens.
We're also developing
gate arrays, a system that
allows you to build inexpen-
sive prototype chips that
can be "played" in systems
before the final design is
fixed.
Another area that GE is
developing is VLSI (Very
Large Scale Integrated)
circuits. These ICs will
eventually squeeze one
million transistors onto a
single chip.
Where will all this super
electronic power be
applied'^ GE engineering
manager Don Paterson
sees it this way:
"At GE you can innovate
from the system down to the
chip to create - whatever
ignites your imagination.'
In other words, you can
dream it. and do it.
WE BRING GOOD THINGS TO LIFE
An equal opportunity employer.
